Mecamylamine, a noncompetitive nicotinic cholinergic antagonist, inhibits nicotine self-administration in animals and may attenuate tobacco smoking in humans trying to quit. Our preliminary data suggested that this agent, at a dose of 2 mg/kg (subcutaneous (s.c.)), also attenuates cue-induced relapse to nicotine-seeking behavior in rats. This study determined whether mecamylamine-induced attenuation can be obtained at doses lower than the high 2 mg/kg dose used in the first study, and whether it is specific to nicotine-associated cues. Male Sprague-Dawley rats were trained to intravenously self-administer nicotine (0.03 mg/kg/infusion) on a fixed-ratio 5 schedule. Each infusion was accompanied by a visual cue (1 s onset of a lever light followed by offset of a house light for 20 s during which time no infusions could be obtained). After the nicotine-maintained responding was extinguished by withholding the delivery of nicotine (saline substitution) and its associated cue, reinstatement tests were conducted. Response-contingent re-presentation of the cue without further availability of nicotine significantly reinstated extinguished responding at the previously nicotine-reinforced lever. Pretreatment with mecamylamine (0.5, 1, and 2 mg/kg, s.c.) dose-dependently attenuated the cue-induced reinstatement of lever responding. Mecamylamine did not change food-taking and -seeking responses, whereas the highest dose (2 mg/kg) decreased nicotine selfadministration behavior. The results confirm previous findings that stimuli conditioned to nicotine self-administration effectively elicit reinstatement of nicotine-seeking behavior after extinction and demonstrate that mecamylamine, besides suppressing self-administration of nicotine, effectively attenuates cue-induced nicotine-seeking behavior. These findings suggest that the response-reinstatement procedures used in this study may be useful for studying neurobiological mechanisms of nicotine-seeking behavior and that mecamylamine-like drugs may be potential candidates for pharmacological treatment and prevention of relapse to tobacco smoking in abstinent smokers.
INTRODUCTION
Tobacco smoking is a chronic relapsing disorder, characterized by a recurrent resumption of smoking after abstinence; only approximately 3% of smokers trying to quit successfully remain abstinent each year (Shiffman et al, 1998) . Nicotine is the principal psychoactive component of cigarette smoke and non-nicotine stimuli that become associated with nicotine delivery are thought to play an important role in the maintenance of smoking and in its relapse after attempted quitting (Caggiula et al, 2001; Childress et al, 1993; Niaura et al, 1989; O'Brien et al, 1998) . Human studies have demonstrated that smoking cues increase the rate, intensity, and time of smoking (Mucha et al, 1998; Surawy et al, 1985) and significantly enhance desire to smoke (Drobes and Tiffany, 1997; Droungas et al, 1995; Lazev et al, 1999; Payne et al, 1991; Tiffany and Hakenewerth, 1991) . Smoking denicotinized cigarettes (ie cue alone) produces comparable levels of smoke intake, satisfaction, and reduction of craving and withdrawal compared to smoking nicotine-containing cigarettes (ie cue plus nicotine) (Butschky et al, 1995; Dallery et al, 2003; Gross et al, 1997; Rose et al, 2000; Shahan et al, 1999) .
In animal self-administration experiments, the infusion of nicotine is typically paired with discrete stimulus events, such as the onset or offset of cue and chamber lights (Caggiula et al, 2001; Cohen et al, 2005; Corrigall and Coen, 1989; Goldberg et al, 1981; LeSage et al, 2004; Liu et al, 2003 Liu et al, , 2006 Paterson et al, 2005) . For example, Goldberg et al (1981) found a 50% decrease in nicotine self-administration in squirrel monkeys when a brief light stimulus that had been associated with the drug was omitted. Rats spontaneously recovered previously extinguished behavior after re-exposure to the nicotine self-administration context after being maintained in their home cages for 21 days (Shaham et al, 1997) . In recent studies using a response-reinstatement model of nicotine relapse, it has been documented that reintroduction of the discrete stimulus previously associated with nicotine self-administration effectively reinstates extinguished nicotine-seeking responses in rats (Caggiula et al, 2001; Cohen et al, 2005; LeSage et al, 2004; Liu et al, 2006; Paterson et al, 2005) .
Neuronal nicotinic acetylcholine receptors (nAChRs) mediate the physiological and behavioral effects of nicotine. For example, we have shown that rats readily selfadminister a b2-selective nicotinic receptor agonist (Liu et al, 2003) . Conversely, nicotinic receptor antagonists have been found to block nicotine's effects on striatal dopamine release and turnover (Haikala and Ahtee, 1988; Nisell et al, 1994) , nicotine-induced dopaminergic signaling and neuronal excitation (Hamada et al, 2004; Yin and French, 2000) , the locomotor effects of nicotine (Clarke and Kumar, 1983; Curzon et al, 1996; Kuo et al, 1999) , and nicotine-induced hypothermia (Haikala and Ahtee, 1988; Zarrindast et al, 2001) . Similarly, nicotinic antagonists precipitate nicotine withdrawal (Adams and Cicero, 1998; Hildebrand et al, 1999; Watkins et al, 2000b) and decrease rates of nicotine self-administration (Corrigall and Coen, 1989; Donny et al, 1999; Shoaib et al, 1997; Watkins et al, 1999) . In human studies, nicotinic receptor antagonists effectively reduce ratings of reward of smoking (Rose and Behm, 2004; Rose et al, 1994 Rose et al, , 1998 and help sustain smoking cessation in conjunction with nicotine replacement therapy (Rose et al, 1994 (Rose et al, , 1998 . In addition, there is evidence that nicotine, acting through nAChRs, can influence attention, associative learning, and memory (Blokland, 1995; Olausson et al, 2003; Rezvani and Levin, 2001) . Most importantly, our recent data (Liu et al, 2006) show that mecamylamine, a nonselective nAChR antagonist (Takayama et al, 1989) , at a dose of 2 mg/kg substantially attenuates cue-induced reinstatement of nicotine-seeking behavior. Taken together, these findings suggest that activation of nicotinic receptors may also be important in mediating the incentive motivational effects of nicotineassociated environmental stimuli.
To further characterize involvement of nicotinic activation in nicotine relapse associated with cue exposure, we employed a response-reinstatement model of relapse to examine the dose-effect relationship and the specificity of mecamylamine to inhibit nicotine-seeking elicited by reexposure to a visual cue that had been repeatedly paired with nicotine infusions during extended nicotine selfadministration training. An increasing number of studies using this response-reinstatement model of relapse for stimulants, opiates, and alcohol have provided important information for understanding the behavioral and neurobiological bases of drug use and relapse (Epstein and Preston, 2003; Kalivas and McFarland, 2003; Shaham et al, 2003 for reviews) . Recently, we (Caggiula et al, 2001; Liu et al, 2006) as well as others (Cohen et al, 2005; LeSage et al, 2004; Paterson et al, 2005) have validated the responsereinstatement procedures for demonstrating the significance of nicotine-associated cues in eliciting recovery of extinguished nicotine-seeking responses.
MATERIALS AND METHODS

Subjects
Seventy-two male Sprague-Dawley rats (Charles River) weighing 225-250 g upon arrival were individually housed in a humidity-and temperature-controlled (21-221C) colony room on a reversed 12 : 12 h light/dark cycle (lights off 0700 hours) with unlimited access to water. After 1 week of habituation with free access to food, animals were placed on a food-restricted diet for all experiments as described below. All training and experimental sessions were conducted during the dark phase at the same time each day (0900-1500 hours). All experimental procedures were carried out in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Apparatus
All experimental sessions were conducted in operant conditioning chambers located inside sound-attenuating, ventilated cubicles (Med Associates, St Albans, VT). The chambers were equipped with two response levers on one side panel, with a 28-V white light above each lever and a white house light on the top of the chambers. Between the two levers was a food receptacle. Intravenous (i.v.) nicotine injections were delivered by a drug delivery system with a syringe pump (Med Associates, model PHM100-10 rpm). Experimental events and data collection were controlled by an interfaced computer and software (Med Associates, MED-PC 2.0).
Food Training
After habituation to the colony room, animals were handled twice/day for 3 days and placed on a food-restricted diet of 20 g/day. Food training sessions began under a fixed-ratio (FR) 1 schedule where each lever press on one of the two levers resulted in the delivery of a food pellet (45 mg). The assignment of the active lever was counterbalanced between the right and the left levers across animals. Daily sessions lasted 1-h with a maximum delivery of 100 food pellets. After the rats successfully earned 100 food pellets, the reinforcement schedule was increased to FR5 with a maximum of 50 food pellets delivered in each 1-h session. Responses at the inactive lever had no consequence. During the food training sessions, there was no presentation of the house light and lever light, which prevented an association of the visual cue (see below) with food reward at this stage.
Surgery
After food training, rats designated to nicotine selfadministration/reinstatement experiments were anesthetized with halothane and implanted with jugular catheters as described previously (Caggiula et al, 2001) . Animals were allowed at least 7 days to recover from surgery and catheters were flushed twice/day with 0.1 ml of sterile saline containing heparin (30 U/ml), Timentin (66.67 mg/ml), and streptokinase (8333 U/ml) to maintain catheter patency and prevent infection. Thereafter, the catheters were flushed with heparinized saline before and after sessions throughout the experiments.
Nicotine Self-Administration/Conditioning
Rats were trained in daily 1-h sessions to self-administer nicotine delivered together with a visual cue. The sessions were initiated with extension of the two levers and illumination of the house light. Once the rats reached the FR requirement at the active lever, an i.v. infusion of nicotine (0.03 mg/kg, free base) was delivered in a volume of 0.1 ml in approximately 1 s. Each nicotine infusion was paired with presentation of a visual cue that consisted of 1 s illumination of the light above the active lever and extinction of the house light for 20 s, indicating a time out period during which time responses were recorded, but not reinforced. An FR1 schedule was used for days 1-5, an FR2 for days 6-8, and an FR5 for the remaining 22 days. Rats were considered to have successfully established stable nicotine self-administration if they met a criterion of X6 infusions/session with p20% variation for at least three consecutive sessions. Responses at the inactive lever were recorded, but had no programmed consequence.
Food Self-Administration/Conditioning
To make food self-administration/conditioning comparable to that of nicotine, the daily 1-h sessions were conducted under conditions identical to that described above, except that food pellets rather than nicotine injections were delivered. Specifically, an FR1 was used for days 1-5, an FR2 for days 6-8, and an FR5 for the following 22 days. Once rats completed the FR requirement at the active lever, a food pellet was delivered with a presentation of the visual cue (1 s illumination of the lever light and 20 s turn-off of the house light). The maximum number of food pellets available for animals to earn was 50 across the 1-h sessions.
Extinction
After completion of 30 daily sessions of self-administration/ conditioning training, the nicotine-or food-reinforced responses were extinguished by withholding nicotine or food and its associated visual cue. Specifically, the house light remained on during the whole sessions and there was no presentation of the 1 s light above the active lever. Responses at the active lever resulted in only the delivery of saline rather than nicotine for nicotine-reinforced rats or nothing for food-reinforced rats. Responses at the inactive lever were recorded, but had no consequence. The criterion for extinction was that for 3 consecutive days responses/ session decrease to o20% of that obtained during the selfadministration phase.
Reinstatement Tests and Pharmacological Treatments
One day after the final extinction session, nicotine-trained rats were divided into four groups (n ¼ 8) in a counterbalanced manner so that each group had similar rates of operant responding during self-administration/conditioning and extinction phases. Reinstatement tests were conducted under conditions identical to that of selfadministration/conditioning, except that a single presentation of the cue was delivered response-independently immediately after the start of the session and then responses at the active lever (on an FR5 schedule) resulted in contingent presentation of the cue without nicotine availability (saline substitution). Responses at the inactive lever were recorded without consequence. The testing sessions lasted 1 h. For pharmacological tests, rats were subjected to subcutaneous (s.c.) administration of mecamylamine at one of four doses, 0 (saline), 0.5, 1.0, or 2.0 mg/kg, 30 min before the reinstatement test sessions. Similar to nicotine rats described above, the rats for reinstatement test of cue-induced food-seeking with mecamylamine pretreatment were also divided into four groups (n ¼ 8). Both the testing sessions and mecamylamine pretreatments were identical to that described above, with the exception that there was no food pellet available throughout the session and responses at the active ever resulted in only presentation of the cue on an FR5 schedule.
Self-Administration Tests and Pharmacological Treatments
After the reinstatement tests, animals were retrained in 10 daily 1-h sessions to self-administer nicotine or food as described above. Stable levels of self-administration of either nicotine or food pellets were re-established within 5-7 sessions. Rats from each drug dose group in the reinstatement tests were equally distributed into the four drug dose groups for the self-administration tests. Thus, the eight rats in each dose group in the following selfadministration tests contained two rats from each dose group in the previous reinstatement tests. Designation of rats into different groups was also counterbalanced based on their operant responses so that each group had a similar number of lever responses before test. Thirty minutes after administration of mecamylamine (0, 0.5, 1.0, and 2.0 mg/kg s.c.), the self-administration tests for nicotine or food were conducted under conditions identical to the self-administration (nicotine or food) sessions as described above.
Statistical Analyses
Eight rats were excluded from data analysis due to failure of catheter patency (five) and stable nicotine self-administration at criterion (three). Behavioral data, presented as the mean (7SEM) number of lever responses, were analyzed by using one-factor ANOVA with subsequent Newman-Keuls post hoc tests to verify differences among individual means. Student's t-test was used to directly compare between groups wherever appropriate (see Results).
RESULTS
Nicotine or Food Self-Administration and Extinction
Animals developed stable levels of nicotine self-administration after 30 daily 1-h self-administration training sessions. Averaged across the last three sessions, response rates were 104.176.0 at the active lever and 16.971.7 at the inactive
In the first extinction session, rats emitted 87.3721.9 responses at the active lever and 18.278.1 at the inactive lever. During the following extinction sessions, lever responses gradually decreased. All rats reached the extinction criterion in 1472 sessions. There was no difference across groups assigned for subsequent reinstatement and pharmacological tests. Table 1 shows the detailed number of responses.
In food-reinforced rats, average responses during the last three sessions were 395.8729.4 at the active lever and 25.478.7 at the inactive lever. After 14 daily extinction sessions, the mean7SEM number of responses was 8.070.7 at the active lever and 5.170.6 at the inactive lever averaged across the last three sessions. There was no difference across groups assigned for subsequent reinstatement and pharmacological tests. Table 2 shows the detailed number of responses.
Effect of Mecamylamine on Cue-Induced Reinstatement of Nicotine-Seeking
In the vehicle-treated rats, response-contingent presentation of the nicotine-associated visual cue significantly reinstated responding at the active lever with mean (7SEM) number of 63711 responses vs 1974 at extinction (t(7) ¼ 4.72, po0.01). Pretreatment with mecamylamine dose-dependently attenuated the cue-induced responsereinstatement. A one-factor ANOVA revealed a significant group (dose) effect (F(3, 28) ¼ 4.08, po0.05). Subsequent Newman-Keuls post hoc tests verified significant differences in reinstatement responses between vehicle vs 1 (po0.05) and 2 mg/kg (po0.01) groups (Figure 1, top) . However, responses at the inactive lever as shown in the lower panel of Figure 1 were not affected by pretreatment (F(3, 28) ¼ 0.07, p ¼ 0.98).
Effect of Mecamylamine on Cue-Induced Reinstatement of Food-Seeking
In the reinstatement tests for cue-induced food-seeking behavior, response-contingent presentation of the visual cue effectively produced an increase in responding at the active lever with a mean (7SEM) number of 4476 responses vs 973 at extinction in vehicle-pretreated rats (t(7) ¼ 4.72, po0.01) (Figure 2, top) . A one-factor ANOVA analysis yielded no significant group effect (F(3, 28) ¼ 0.03, p ¼ 0.99), indicating lack of an effect of mecamylamine pretreatment.
Effect of Mecamylamine on Nicotine Self-Administration
A one-way ANOVA on the number of active lever responses yielded a marginal group/dose effect (F(3, 28 ¼ 2.61, p ¼ 0.07). An unpaired t-test analysis revealed a significant difference between mecamylamine at the highest dose 2.0 mg/kg vs vehicle (t(14) ¼ 2.18, po0.05), indicating a significant decrease in responding at the active lever for delivery of nicotine (Figure 3) . However, there was no change in the inactive lever responses.
Effect of Mecamylamine on Food Self-Administration
In the food self-administration tests, pretreatment with mecamylamine produced no change in operant responses as shown in Figure 4 .
DISCUSSION
Response-contingent presentation of a nicotine-associated visual cue induced resumption of nicotine-seeking behavior after extinction, as reflected by reinstatement of leverpressing at the previously nicotine-reinforced, active lever in the vehicle-treated rats. As responding at the inactive lever remained unchanged, this effect is not likely to be the result of nonspecific behavioral arousal. This finding is consistent with several recent reports in rats (Caggiula et al, 2001; Cohen et al, 2005; LeSage et al, 2004; Liu et al, 2006; Paterson et al, 2005) and lends support to clinical observations that smoking-related cues enhance desire to smoke (Drobes and Tiffany, 1997; Droungas et al, 1995; Lazev et al, 1999; McDermut and Haaga, 1998 ).
An important goal of this study was to examine whether reinstatement of responding produced by re-exposure to the nicotine-associated cue is sensitive to pharmacological antagonism of nicotinic neurotransmission. Mecamylamine was selected as the nAChR antagonist because it has been reported to completely inhibit the discriminative stimulus effects of nicotine (Mansbach et al, 2000; Varvel et al, 1999) and decrease nicotine self-administration in animals (Corrigall and Coen, 1989; Donny et al, 1999; Shoaib et al, 1997; Watkins et al, 1999) . In humans, mecamylamine reduces self-reported nicotine-liking and estimates of dose strength following nicotine infusion (Rose et al, 1995) , the desire to smoke (Rose et al, 1989) , and satisfaction derived from smoking (Lundahl et al, 2000; Nemeth-Coslett et al, 1986; Rose et al, 1994) . Pretreatment with this agent (0.5-2.0 mg/kg) before behavioral tests dose-dependently attenuated response-reinstatement induced by presentation of the nicotine-associated cue. It is likely that these results were due to antagonistic action at nicotinic receptors located in the brain (Eissenberg et al, 1996; Loiacono et al, 1993; Varanda et al, 1985) and not the result of nonspecific impairment of general locomotor activity or ganglionic blockade-induced hypotension. Mecamylamine attenuated responses only at the active but not the inactive lever and it did not affect responding maintained by food reinforcement and response-reinstatement produced by food-associated cue. In addition, observations from other laboratories have shown that mecamylamine in the dose range used here did not affect operant responding for Figure 1 Effect of mecamylamine on responses made at the active (top) and the inactive (below) levers during the reinstatement tests for nicotineseeking behavior. After 30 daily 1-h nicotine self-administration/conditioning training sessions, nicotine-maintained responses were extinguished by saline substitution for nicotine and withholding presentation of the visual cue. Thirty minutes before behavioral tests, rats received s.c. administration of mecamylamine. In the reinstatement test sessions, responses at the active lever resulted in contingent presentation of the cue (1 s lever light on followed by 20 s house light off) without delivery of nicotine infusion (saline substitution), whereas responding at the inactive lever had no consequence. For comparison, extinction responses (averaged across the last three sessions) without mecamylamine pretreatment were provided. The number of responses was presented as mean7SEM in each group (n ¼ 8). *po0.05; **po0.01 different from vehicle. Figure 2 Effect of mecamylamine on responses at the active (top) and the inactive (below) levers made during the reinstatement tests for foodseeking behavior. After 30 daily 1-h food self-administration/conditioning training sessions, lever responses were extinguished by withholding delivery of food pellets and presentation of the visual cue. Thirty minutes after s.c. administration of mecamylamine, the reinstatement test sessions were conducted where responses at the active lever resulted in presentation of the cue without delivery of food pellets, whereas responding at the inactive lever had no consequence. For comparison, extinction responses (averaged across the last three sessions) without mecamylamine pretreatment were provided. The number of responses was presented as mean7SEM in each group (n ¼ 8).
natural rewards such as food (Mansbach et al, 2000) or water (Glick et al, 2002) . Moreover, our recent work (Liu et al, 2006 , paper presentation at SRNT annual meeting) shows that mecamylamine produced no effect on leverpressing maintained by visual stimulus (60 s turn-off of house light in rat dark phase) that had not been conditioned to nicotine. Taken together, these data rule out the possibility of nonspecific impairment of general locomotor activity by mecamylamine. The present finding not only confirms our previous observation that mecamylamine at the highest dose of 2.0 mg/kg produced inhibition on cueelicited nicotine-seeking responses (Liu et al, 2006) but also provides information on dose dependency of reinstatement attenuation by this agent.
Of particular significance is that this study further examined the specificity of mecamylamine to attenuate response-reinstatement by nicotine-associated visual cue. Nicotinic neurotransmission has been implicated in mediating processes of cognitive attention, associative learning, and memory (Blokland, 1995; Olausson et al, 2003; Rezvani and Levin, 2001 ). Thus, it is possible that the attenuation of reinstatement by mecamylamine might be due to a more general inhibitory effect on conditioned goal-directed responses rather than a specific action on cue-induced nicotine-seeking. In separate groups of animals of the present study, the same visual stimulus was exclusively paired with delivery of a natural reward, food pellets. After extinction, the food-associated cue significantly increased responding at the previously food-reinforced lever, indicating that the cue acquired conditioned incentive value via pairing with food pellet deliveries and thereby reinstated food-seeking behavior. However, mecamylamine pretreatment failed to interfere with the cue-induced food-seeking responses, supporting a more specific effect of mecamylamine on nicotine-seeking. The inhibitory effect on conditioned reinstatement of nicotine-seeking after abstinence and extinction suggests that mecamylamine may be useful clinically in preventing relapse triggered by smoking-related environmental stimuli. Previously, Rose et al (1994) documented that co-administration of mecamylamine with nicotine transdermal patch improved the rate of abstinence in smokers by possibly reducing craving (with nicotine patches attenuating withdrawal symptoms). Moreover, it is interesting to note that in humans mecamylamine has been found to effectively reduce drug cue-induced cocaine craving (Reid et al, 1999) . Together with the fact that there is an interaction between cigarette smoking and abuse of psychoactive drugs such as cocaine (Bechtholt and Mark, 2002; Horger et al, 1992; Kouri et al, 2001; Pich et al, 1997; Reid et al, 1998) , it is suggested that mecamylamine may become a potentially effective anti-craving agent for relapse prevention for not only tobacco smoking but also cocaine and likely other psychostimulant use.
It is interesting to note the differences in the efficacy of mecamylamine in attenuating cue-induced reinstatement and nicotine self-administration. Specifically, mecamylamine attenuation of cue-induced reinstatement exhibited an orderly dose-effect function and was statistically significant at 1 and 2 mg/kg, whereas only the highest dose of 2 mg/kg produced a slight but statistically significant decrease in lever responses for i.v. nicotine self-administration. The effective dose for reducing nicotine selfadministration is consistent with previous reports. For instance, Watkins et al (1999) found that mecamylamine at 2 mg/kg or higher but not 1 mg/kg reduced nicotine selfadministration under conditions similar to the present study. Taken together, these data indicate that conditioned response to nicotine-associated cues is more sensitive to acute pharmacological blockade of nicotinic neurotransmission than behavior maintained by nicotine selfadministration. There are two possible explanations for this phenomenon. First, the different sensitivity to Figure 4 Effect of mecamylamine on food-reinforced lever responses. In the test sessions conducted 30 min after s.c. administration of mecamylamine, responses at the active lever resulted in delivery of food pellets and presentation of the visual cue, whereas responding at the inactive lever had no consequence. The number of responses was presented as the mean7SEM in each group (n ¼ 8).
Mecamylamine attenuates nicotine-seeking X Liu et al mecamylamine may stem from distinct neuronal circuitries that are involved in mediating the primary reinforcing actions of nicotine and the conditioned incentive motivation by nicotine-associated cues. Recent studies have shown that neuroanatomical, neurochemical, and neuropharmacological substrates underlying cue-induced reinstatement of drug-seeking behavior are, to some extent, different from those mediating the direct reinforcing actions of drugs of abuse (Grimm and See, 2000; Kalivas and McFarland, 2003; Kantak et al, 2002; Liu and Weiss, 2004) . For instance, Liu and Weiss (2004) found that nitric oxide synthesis inhibition attenuated conditioned reinstatement of ethanol-seeking, but not the primary reinforcing effects of ethanol. Naltrexone, an opioid antagonist, attenuated reinstatement of methamphetamine-seeking behavior induced by drug-associated cues but not drug-priming (Anggadiredja et al, 2004) . The issue whether distinct neurobiological mechanisms are involved in mediating conditioned reinstatement of nicotine-seeking behavior and the primary reinforcing actions of nicotine warrants future study. Second, ample evidence has shown desensitization, an inactive conformation of nicotinic receptors after nicotine exposure (Lukas et al, 1996; Mansvelder et al, 2002) . For example, it was shown that six daily nicotine injections resulted in the development of tolerance to its antinociception actions (McCallum et al, 2000) and that nicotinic receptor function could be lost for 424 h following chronic nicotine exposure (Girod and Role, 2001) . In the present study, self-administration tests were conducted daily and it might be expected that nicotinic receptors might have remained in a partially desensitized state due to the extended and regular daily exposure to nicotine. This receptor desensitization might result in decreased efficacy of mecamylamine in the self-administration tests. However, during the reinstatement tests that were conducted 2 weeks after completion of nicotine selfadministration phase, receptor function would have recovered from its desensitization state so that mecamylamine produced a stronger effect.
The finding that mecamylamine dose-dependently attenuated cue-induced reinstatement extends the evidence for a role of nicotinic neurotransmission in mediating the reinforcing actions of nicotine (Mathieu-Kia et al, 2002; Watkins et al, 2000a; Wonnacott et al, 2005 for reviews) to the incentive motivational effects of nicotine-associated cues. Moreover, two recent studies (Cohen et al, 2005; Paterson et al, 2005) have shown that GABA B agonist (CGP44532), cannabinoid (CB1) antagonist (rimonabant, SR141716), and dopamine D1 antagonist (SCH23390) reduced nicotine cue-induced recovery of nicotine-seeking responses. In addition, recent studies showing that systemic administration of nicotine increases glutamate release in ventral tegmental area (VTA) and nucleus accumbens (NAc) (Reid et al, 2000; Schilstrom et al, 2000) and that mecamylamine attenuates glutamate-mediated response (Clarke et al, 1994) suggest possible involvement of glutamatergic neurotransmission. Therefore, multiple neurotransmitter systems such as acetylcholine, dopamine, GABA, cannabinoid, and glutamate seem to be implicated in mediating this function. The present data do not provide information on the neuroanatomical substrates through which nicotinic blockade attenuated reinstatement of nicotine-seeking. However, there is evidence showing that nicotinic mechanisms in the hippocampus, VTA, and NAc might play a critical role in modulating the process of learning and memory in general (Kim and Levin, 1996; Schildein et al, 2002) . Studies by using functional magnetic resonance imaging in humans (Brody et al, 2002 (Brody et al, , 2004 Due et al, 2002) and expression of immediately early gene product (Fos and Arc) in rats (Schiltz et al, 2005; Schroeder et al, 2001 ) have also shown similar brain regions that are activated by exposure to smoking-or nicotine-related cues. Underpinning neurobiological substrates for mediating conditioned reinstatement of nicotine-seeking warrants future studies. In summary, this study demonstrates that re-exposure to nicotine-associated cue significantly reinstated nicotineseeking behavior after extinction in rats. More importantly, the results demonstrate that mecamylamine attenuated the cue-induced reinstatement of nicotine-seeking behavior in a dose-dependent manner but did not alter food-taking and -seeking behavior, indicating its specificity for reversal of nicotine-seeking. These data suggest that nicotinic neurotransmission may be a potential target for developing pharmacotherapeutic strategies to treat and prevent nicotine relapse.
